ity and forage yield (Julier and Huyghe, 1997 
During the spring of 1992, 56 alfalfa cultivars were estabcontent and LSR. Within-cultivar variation could be exploited as an lished in a spaced-plant nursery at INRA at Lusignan (France).
additional source of genetic variation in breeding programs for quality
Among them, 11 cultivars (Table 1) , including four French traits to achieve a higher genetic gain per breeding cycle.
landraces (Julier, 1996) , were chosen in the fall of 1994 to represent a wide range of genetic variation and different eras of breeding. Twenty plants (i.e., genotypes) per cultivar were grown in sand in a greenhouse in early spring 1995 and cloned A lfalfa cultivars have a complex genetic structure. provement for polygenic traits such as forage yield, reTen harvests were performed on 1 June 1995 , 12 July 1995 sistance to diseases caused by Phytophthora medicaginis 17 Aug. 1995 , 29 Sept. 1995 , 2 Nov. 1995 , 31 May 1996 , 4 July E.M. Hans. & Maxwell and Colletotrichum trifolii 1996 , 13 Aug. 1996 , 10 Oct. 1996 , and 21 May 1997 Bain & Essary (Hill et al., 1988; Mackie and Irwin, 1998) , highest yielding harvests were analyzed: two in 1995 (12 July resistance to stem nematode, lodging, or the initial rate and 29 September), three in 1996 (30 May, 4 July, 10 October), of digestion measured in the rumen of fistulated cows and one in 1997 (21 May). The other harvests were discarded (Goplen et al., 1993) because not all genotypes could be analyzed because of low Current selection procedures often include feedingforage yields. Each plot was cut, number of stems was counted, and the longest stem was measured. On 30 randomly chosen value characters (digestibility and fiber contents) to implots per harvest, leaves and stems were separated to calculate prove the energy value of alfalfa forage. Genetic variathe leaf-to-stem ratio (LSR). Forage was dried, weighed, and tion among cultivars for digestibility or fiber contents ground to pass a 1-mm grid. On all samples with dry weight has been described (Heinrichs et al., 1969; Buxton et higher than 4 g, near infrared spectra (NIRS) were collected al., 1987; Lenssen et al., 1991; Julier et al., 1996; Julier (NIRSystems 6500, NIRSystems Inc., Silver Spring, MD) beand Huyghe, 1997), but the identification and developtween 1100 and 2500 nm at every 2 nm. Enzymatic digestibility ment of high yielding, highly digestible cultivars is com- (Lila et al., 1986) , NDF, ADF, and ADL by the Van Soest plicated by the negative relationship between digestibilmethod (Goering and Van Soest, 1970) , and LSR were predicted, by equations based on samples from this experiment and from previous experiments on alfalfa (including Julier the within-cultivar variance was higher than the amongcultivar variance (Table 2 ). Heritabilities were similar among morphological traits, dry matter yield, and qualand Huyghe, 1997). Twenty-five to 50 samples per harvest ity traits; however, large residual variances for the 4 July (chosen to represent spectra variations) were analyzed for 1996 harvest led to lower heritabilities for quality traits. cultivars, such as ProtG3 and Luzelle, showed less variaand 0.90 for enzymatic digestibility, 1.14 and 0.96 for NDF, tion than the overall variation. Overall differences for (Table 3) .
iance matrices given by the MANOVA statement of the GLM
In the combined analysis of variance, the cultivar effect procedure of SAS. Significance value for the genetic correlation r, with n observations (i.e., genotypes), was calculated as was not significant for dry matter yield. Across the six harvest dates, correlations between forage yield and NDF content were significant but low ( population variances ranging from 73 to 88% of the canopy selects genotypes which are expected to be the most vigorous (Rotili, 1979) and to contribute the most total genetic variance for leaf and stem dry matter and from 51 to 97% for digestibility and crude fiber.
to forage yield. Large within-cultivar variation for yield and morphological traits may be needed to achieve high For non-directly selected traits such as digestibility or fiber content, the large within-cultivar variation is yield under various environmental conditions. This may relate to the need to avoid inbreeding depression for consistent with calculations made with random amplified polymorphic DNA (RAPD) markers by Crochegrowth and yield by incorporating a broad genetic base in cultivars (Gallais, 1992) . Conversely, breeding for more et al. (1996) that the within-population variance accounted for 50% of the total genetic variance among high quality would appear to require a high proportion of plants improved for a specific quality trait. 26 alfalfa populations and 30 plants per population. Similarly, Dehghan-Shoar et al. (1997) and Ghé rardi et al.
The large within-cultivar variation for digestibility and fiber content should be used in breeding programs (1998) found large within-population variation using RAPD markers in alfalfa. For the selected morphologito maximize genetic progress per breeding cycle. This implies individual evaluation and selection of plants. In cal and yield traits, within-cultivar variation was greater than for quality traits. High yielding cultivars are those alfalfa, three possibilities can be considered: (i) individual evaluation of forage quality on spaced plants in a that perform well in all environments and across all harvests. Rotili (1979) stated that breeding for higher nursery, (ii) cloning of individual plants by stem cuttings and evaluation of the clones planted in a replicated yield in alfalfa required higher homogeneity of cultivars. On the contrary, our experiment showed that recent experimental design in a nursery, and (iii) progeny tests. The first two possibilities require a high correlation becultivars are highly heterogeneous. In fact, the genotypes contributing to forage yield may not be the same tween quality traits measured on spaced plants and those measured in a dense canopy. This has been obunder all conditions. Indeed competition in an alfalfa 
